Abstract-Embedded systems have become a significant manufacturing sector and essential in our life due to their large applications. As a result, higher education institutions acknowledge the significance for offering embedded system design course to electrical, electronics, and computer engineering students. Unfortunately, embedded systems design course continues to be challenging and complex despite current attempts in introducing new embedded system teaching methods. This paper deals with this issue by developing and validating an instrument to measure students' readiness to learn embedded systems using Rasch model. An expert panel was used to verify the content validity and a pilot study (N = 40 respondents) was performed to measure the instrument reliability. A total of 365 respondents from different universities completed the 10-item scale and provided demographic data. The scale dimensionality was evaluated using WINSTEPS 3.92.1, with results showed that all the items fit the Rasch measurement model with acceptable fit index (0.6-1.4) and expressed revealed good consistency, with reliability alpha of 1.00 and 0.72 for items and persons respectively. The instrument was found to have appropriate psychometric properties, and the overall results are well aligned with theoretical expectations. This work has shown that the students were not technically ready for embedded system study.
INTRODUCTION
In recent years, embedded systems have emerged as leading manufacturing sector and becoming essential in our life due to their wide range of applications. Embedded systems are usually an integration of electrical, mechanical that are custom design to perform a predefined specific tasks with the real-time requirement. That makes them an excellent field of education that offers strength, full span, and discipline for meeting the emerging labor force as well as science, technology, and engineering education need. As a result, higher education institutions acknowledge the significance for offering real-time embedded system design course to computer science and software engineering students. As it occurs amid any technology shift period, skills shortage can be a problem as the current curriculum may not address the whole set of issues involved.
The rapid and increased growing of interest in mobile devices and the Internet of Things (IoT) changed the type of the devices that were connected, their data, and interaction with them into an object-oriented paradigm. As a result, companies are acknowledging the importance of embedded systems data collection and machinery control. Their applications span widely from software automobile manufacturers to medical equipment and home appliances; since their applications are flooding the world. Their development projects must manage before they hit the market. Engineers with experience in traditional enterprise application development are likely to find themselves in a new world. [1, 2] Technology is one of the several disruptive influences that significantly affects many areas of society including education today. We live in an era where evolution in the development of new knowledge to challenge institutions to rethink teaching and learning in the global market. There is also need to prepare students to improve competition in the workplace. With technology as a catalyst, moving from education to the cooperation model of knowledge transfer, active, self-respect, and an attractive model that helps students improve their knowledge and develop the skills needed to succeed in the Learning Society [2] .
This growth in embedded systems technology will require a steady supply of skilled workers, regarding numbers and skill sets appropriate to meet current and future of the sector. This work aims to develop and validate using Rasch model a scale to Measure Student Readiness for Embedded System Design. The scale will be introduced to gauge the students' prior readiness through holistic assessment by taking into account all the domains: technical understanding. It will produce the measures that can be used as the foundation to identify the gaps in universities curriculum prerequisite and incorporate these requirements into the course curricula, teaching, and assessment. That will ensure that we will produce industryready graduates' talents can benefits from the better income opportunities due to the transformation of the economic while, provides the industry with a steady supply of talent to drive their development and investments.
II. RASCH MEASUREMENT ANALYSIS
An important aspect of instrument design is evaluating its validity. Validity defined as the ability of the instrument to measure what its intended to measure [3] . When evaluating the instrument validity, we are primarily examining how accurate the instrument is [4] . Verifying the validity of an instrument is relatively difficult, especially when working with significant variables. The major problem researchers faced is that these variables are not distinct to identify essential latent variables by designing assessment scales. Validation of measurement scales suggest and believe that the findings of the study are valid [5] .
The Rasch measurement model offers a dynamic analysis method of the internal construct validity of outcome measures [6] Fitting data to the model, a process known as Rasch analysis, is widely used in the assessment of the psychometric properties of newly developed instruments [4] . Rasch measurement model applied during the early l development and validation of any new instrument. As Bradley and Sampson [5] write "Rasch analysis begins at the level of measurement, providing diagnostic information on the quality of the measurement tool, in addition to yielding a more comprehensive and informative picture of the construct under measurement as well as the respondents on that measure" (p. 12). Rasch model originally proposed by George Rasch (1960, 1980) , the Rasch model assumes that the relationship between individual ability and difficulty level designed can mathematically model as a probability. As strength increases, so does the probability of answering items correctly [6, 7, 8, 9] . Rasch model necessitates data that characterize unidimensionality. It is suitable to apply the Rasch model when assessed performances can be explained by a general dimension of a common factor, while it is not appropriate to use the Rasch model when measured performance inheres in multiple dimensions with noticeable factors [10, 11] . Rasch analysis, measured by software such as WINSTEPS, offers many statistics and tools that help researchers in testing the assumptions of the Rasch model. This assessment considered being acceptable ones and valid indicators of a particular latent (i.e. ability or trait) when this assumption are satisfied. In WINSTEPS, the measures are decided via iterative calibration of both person and item using scale, where the Infit mean square (MNSQ) and Outfit MNSQ give indications of the discrepancies between the data and mode's expectations. This study adopts the range of acceptable fit between 0.6 -1.4 for both fit indices and Outfit ZSTD with the range of -2 -+2 as suggested by [12] . Log residual test of fit statistics within the range -2.5 to +2.5 are usually acceptable as proposed by [13] . Furthermore, the reliability coefficient (alpha) of 0.70 or higher is considered acceptable reliability [14] .
III. METHODOLOGY
This work was implemented using a hybrid quantitative and qualitative development methods. Rasch model was used to evaluate the structure of the measurement scale of data set collected from different universities. 376 eligible participants were invited to complete the questionnaire. A total of 365 questionnaires were returned to the researcher. The final number of records for the analysis was 365 (the response rate was 97.1%). The survey instrument asked respondents to indicate their level of agreement or disagreement with a series of 10 item (B1-B10) shown in Table 1 related to technical readiness for embedded system. This instrument utilized a fivepoint rating scale: 1=Strongly Disagree, 2=Disagree, 3=Somewhat Agree, 4=Agree, 5=Strongly Agree.
Content validity using content validity index (CVI) and content validity ration (CVR) performed via a panel of experts. It gives the first evidence of the construct validity of an instrument and to provide information on the representativeness and clarity of items, making a decision about removing, remaining and moving each items and help enhance the scale. The reliability of the instrument was conducted using Alpha reliability. Cronbach's Alpha coefficient examines the internal consistency of scale items by examining the average inter-item correlation. Data collected for pilot test is analyzed using SPSS 23.0 (Statistical Package for Social Sciences) and Rasch model using WINSTEPS 3.92.1 software Table 2 summarizes the fit statistics from Rasch's model analysis of 365 respondents who answered 10 items of the technical readiness scale. A reliability of 0.72 and 1.00 for person and item respectively and a Cronbach's alpha of 0.75 indicated highly reliable data, hence the data could be used for further analysis. Cronbach's alpha is higher (0.03) because it estimates extreme scores as measured correctly, i.e., with no error. The infit and outfit MNSQ and ZSTD of each item and the respondent were within the range of 0.60 to 1.40 and -2 to +2 respectively (Bond & Fox, 2007) . The Rasch model analysis proved that all the items in the cognitive scale were statistically reliable and valid. Moreover, the summary of the scale measured items confirms a data spread from 1.34 to (−1.79) = 3.13 logit, which is within the acceptable range. The mean MNSQ infit and outfit are (1.0, 1.01) and (0.99, 1.01) for person and item respectively. This show that the items meet the Bond and Fox [11] requirements, where the value between 0.6 -1.4 is accepted. The the mean ZSTD are (-0.2, -0.2) and (-0.3, -0.1) for person and item respectively which shows that our data fits the model (Bond & Fox, [11] ). The data also reveals an overall satisfactory fit for standard deviation for person (1.6) and (0.99) for items. Moreover, the summary of the scale measured items and person confirm a data spread from 1.34 to (−1.79) = 3.13 logit and 3.91 to (-0.76) = 4.67, which is within the acceptable range.
A. Scale Fit Statistics (Person and Items)

B. Uni-dimensionality and Local Independence
The main idea of unidimensionality is commonly defined as a single latent trait can take into account the performance of the items forming the instrument. It would be a fundamental requirement if the item response theory model or Rasch model were used to obtain a measure of the latent nature of interest. The estimation of unidimensionality is essential to confirm the items in the instrument measure the concrete objectivity within the same dimension. Rasch model analysis applies principal component analysis (PCA) to the residuals, to verify whether the variance is measuring what is intended.
In this work, the unidimensionality test is performed to investigate whether or not the items in the constructs are being measured consistently within the dimensions. This is the second step after examining the summary statistics. According to Linacre's recommendations for unidimensionality, the variance explained by measures must be above 40 %, with unexplained variance (eigenvalue size) less than 3 in the first contrast. Conrad, Dennis, Riley, and Funk [15] also stated the unidimensionality requirement to be 40%, which is consistent with Linacre, with above 30% is considered a moderate measurement dimension
The technical readiness scale items were subjected to Rasch analysis to check for dimensionality and to produce an interval scale for use in subsequent analysis. Our results show that, the amount of the variance explained by different components in the data was 53.7% (more than 40%) with 15.4% explained by persons and 38.3% explained by items, with unexplained variance in the first contrast of 2.5 (less than 3). This confirms that the raw variance explained by measures is greater than 40%, with a low eigenvalue of 2.5, indicating the items in the scale are unidimensional constructs. From these results we believe that the scale exhibits an adequate fit data to model and unidimensionality through analysis of residuals.
The standardized residual correlations used to identify dependent item of technical readiness scale performed. Four pairs of items had absolute values of correlations greater than 0.24. A positive residual correlation between B1 and B2 expected because anyone and everyone using a computer should be familiar with computer software such as operating system, application software and programming languages they usually use on a day to day basis. Also, a positive correlation was expected between B5 and B6 because Altera FPGA boards were programmed using VHDL and Verilog languages. Finally, a positive correlation was expected between (B7 and B8) and (B8 and B9) because embedded system designers should have skills in hardware, basic knowledge of software (Operating system, Programming Interfaces APIs) and other programming tools. High positive correlation of residuals between the mentioned items shows that a shared dimension dominates these items. Based on our results findings from Table 4 , the technical readiness scale items found to be locally independence (residual correlation < +70) and there is no redundancy of items in this scale.
C. Scale: Items Fit
Analysis of the technical readiness scale 10 items shows that all the scale items are fit for MNSQ. Table 3 shows that, two of the items, appear to misfit the Rasch model (i.e. ZSTD > 2), these items are B3 (I can download and install programs onto my computer) and B5 (I can confidently write VHDL and Verilog programs). Overall, 80% of the scale items fit the Rasch measurement model. Although these items response was unpredictable with slightly high outfit ZSTD, the items were still relevant for further analysis. None of the technical readiness scale items needed to be removed or modified. Generally, standardized residuals ZSTD value > 2 is considered poor and unacceptable. However, Lai et al. [16] stated that standardized residuals value is dependent on the data sample size and suggested put it aside altogether because small differences between the expected and the observed may be statistically considerable when the sample size is large. 
D. Scale: Person Fit
Statistical analysis of the technical readiness performed. Based on the value of PMEA, Infit and Outfit for both MNSQ and ZSTD; 26 misfit persons identified. Our results show that MNSQ for person of this entry is not productive for measurement purposes, in which the outfit value exceeded the maximum allowable of 1.4 suggested by Bond and Fox (11) . The 26 misfit research respondents that were found to be incompatible with this model considered for elimination from the next measurement Figure 1 illustrates the Wright map of technical readiness scale after the 26 Misfit persons deleted. The map depicts the visual interpretation of the estimated respondents (on the left side) and the estimated scale items (on the right side) after calibrating the scale item using Rasch Model. Bond and Fox (2007) stated that the Wright map shows the relationship between the participants' competency and the range of item difficulty level. Respondents who have a high ability and goods with the highest level of difficulty is at the top of the scale, while respondents who have low capacities and thus to the lowest level of difficulty that lies at the bottom. This is because the measurement using logit scale shown above based on the very simple to the most difficult level. Since most of the respondent's ability level is around logit min, min 0 logit value was determined for the item.
E. Scale : Wright Map
The (#s; equal 4) and (·s; equal 1 to 3) on the left-hand side of the map represent the proficiency of 340 respondents as distributed evenly across the sample. There are 10 scale items represented on the right-hand side of the map. The distribution of the item difficulties covers the same region as the distribution of the respondents. That is, there are respondents at every level where there are items to measure them. The difference between the mean of the items (0.00) and the average of the persons (0.18) suggested the respondents had high amounts of competence. Again, a floor effect was evident here as over 14.12% (48 of 340) respondents did endorse all of the 10 items of the scale. According to the infit t values, all the scale items fit the model well (-2 to +2) except item B1 (at -2.11 of item measure) as suggested by (Bond TG and Fox CM., 2007) . In Figure 1 , the most difficult item (B6) shown at the top of the figure on the right of the y-axis and the most-abled student is the highest on the left-hand side and the easiest item. (B1) is found at the lowermost bottom of the map. Surplus or duplication is observed. B4 (at 0:24 of items measure) and B8 (at 0:23 of items measure). Both items are on the same level. Although there may be some reasons to consider this overlap (ie. Redundancy) is a reasonable indication of this fact can be doubled. First, it will inform the researcher of the possible problem with these items. Second, it is very likely that the similar of useful information can be obtained by including onle one of these two items in the scale. Finally, the decision to eliminate the items must be carefully in balance with theoretical considerations, because, these items could be evaluating to some extent different aspect of the instrument (Bond & Fox, 2001 ).
From Figure 1 , three students of 340 respondents (0.88%) were unable to endorse any of the scale items which suggested that they were computer illiterate "Computer illiteracy is the inability to use computers and related technology efficiently, with a range of skills covering levels from elementary use to programming and advanced problem-solving". It appears that they acquire only the elementary knowledge and skills (sending emails, conducting Internet research, creating word processing documents and creating presentations) to work with a computer, such (Lisa Richards, 2014). Additionally, there were 15.88% (54 out of 340; 70.37 Male and 29.63 female) students in level F students in level E and 29.70% (101 out of 340; 43.56% Male and 56.44% female) students in level E. They were able to endorse items B3 (I can download and install programs onto my computer), B2 (I am comfortable working with various applications software) and B1 (I am comfortable using a computer). It clears that these students acquired basic knowledge of computer system and they were able to download and install basic computer application such as Microsoft Office, which includes Microsoft Word, Excel, PowerPoint, Outlook, and OneNote on their computers. Moreover, 7.35% (25 of 340; 64% male and 36% female) students in level D were able to endorse items B7 (I have experience working with software program interfacing with hardware), B3, B2, and B1. These group of students have experience working with software program interfacing with hardware and were able to explain the basic common principles of interface implementation technologies and were able to create basic interfaces with a range of new technologies. Also, there were 32.06% (101 of 340; 47.71 male and 52.29 female) student in level C, were able to endorse eight of the technical readiness scale item namely B10 (I have used interrupts and interrupt service routines in a real-time operating system), B9 (I have used electronic computer aided design tool to develop full custom integrated programmable hardware and software system.), B8 (I have considerable experience of designing hardware/software systems ), B4 (I can confidently write C programming for microcontroller), B7, B3, B2 and B1. It clears that they, acquire the advanced knowledge, techniques, skills, and modern engineering tools necessary for engineering practice. They have confidence and able to identify, formulate and solve engineering problems by using the concepts of hardware and software interface. Furthermore, 2.06% (3 of 340; all male) students in level A and 12.06% (41 out of 340; 63.41 male and 36.59% female) student in level B were able to endorse all the technical readiness scale items. It clear these group of students gain deeper knowledge and understanding of the Electronic Design Automation (EDA) tool used in FieldProgrammable Gate Array (FPGA) System on Chip (SoC), have an understanding of Intellectual Property (IP) cores used in SoC, have a more in-depth understanding of the hardware/software interfaces and were able to design custom and they acquired hand-on-skills of using High-level synthesis CAD tool in Very Large Scale Integration (VLSI) to design configurable SoC to solve complex engineering problems. Reliability measure and construct validity of each item in the instrument is essential to ensure that accuracy and data entry are as intended and contribute to the validity and reliability of the results. If the reliability or validity of the instrument were good, then the questionnaire is reliable and valid. Our results indicated that the content of 10 items in technical readiness scale to measure student readiness to study embedded system is valid and reliable. In general, the findings the students were not technically ready for embedded system study. They also need to be taught the related knowledge, understanding and skills. In light of results there is a need for universities to become attuned to full extend of the embedded system problem as it affects undergraduate students.
